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Table 1S. Synthesis of 3,3-difluoro-3H-indol-2-yl (OFox) imidates

Conditions,?
temp, time

A, rt,8h

A rt,12h

B, 0°C, 40 min

B, rt,5h

C,rt,6h

B, rt, 10 h

D,0°Ctort,6h

D, rt,25h

B,0°Ctort,3h

OAc
o]
AcO
,(Aico/&g/OFox

p-12

&

nOC-Fox

Yield,

o/B ratio

62%
10/1

61%
aonly

80%
B only

81%
aonly

80%
aonly

75%
aonly

5%
B only

84%
aonly

70%
B only

A: i) SOCl,, DMF, CH.Cly, ii) 3,3-difluoroxindole, Ag,O, DIPEA, CH.Cl5;

B: 3,3-difluoroxindole, Ag,O, DIPEA, CH.Cl5;
C: 3,3-difluoroxindole, Ag,O, DIPEA, toluene;

D: i) 33% HBr/AcOH, CH.Cl,, ii) 3,3-difluoroxindole, Ag,O, DIPEA, CH,Cl,
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Table2S. The effect of solvents on the stereosel ectivity of glycosidation of per-benzylated

Entry

~N o ok WwN

QBn
Bno&& , BnO 0
BnO OFox BnO

OFox donor

CH

3.

BnO

Bnoﬂ
TMSCTf (5mel %) BnO

BnO 'O

[ooue et oo
5 min 5 B”OOME

Solvent Temp Yield of 5, % a/p ratio
CH,Cl 789 o b
g 50°C 8l 1.6/1
THF 50 °C 79 1.4/1
EtCN -78°C 99 5 only

CH,CIl,/CH3CN o

(12, viv) -40°C 96 1/6.0
CH,CI,/CH3CN/EtCN 78 % oy

(V2/1, viviv)

Table 3S. Temperature dependence on the stereoselectivity of glycosidation of per-benzylated

OFox donor 3.
BnO
CBn OH Eno&g\R
BnO 0 EnO 0 TMSOTS (5 mol %) BnO
EnO C-FO;( BnO iC BnO 'O
3E!n0 4 BnCowe molec. %!efre 4A BE!QO Q
5 min 5 EnOOMe
Entry Temp Yield of 5, % a/p ratio
1 -78°C 94 1/24
3 -40°C 97 1/8.0
4 rt 93 1/1.2
5 50°C 93 1/1.0

Table4S. The effect of dilution on the stereoselectivity of glycosidation of per-benzylated
OFox donor 3 with acceptor 4 in the presence of TMSOTT.

Entry

AW

Solvent
CHCI, (86 mM)
EtCN (86 mM)
CH2C|2 (17 mM)
EtCN (17 mM)

Temp, time

-78 °C, 10 min
-78 °C, 10 min
-78 °C, 10 min
-78 °C, 10 min

Yield of 5, % o/ ratio
9 124
99 B only
88 124
97 B only
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Table5S. The effect of anomeric configuration on the stereoselectivity of glycosidation of

OFox donors 3 and 12
BnO
OR OH Bno&o
RO o . Bno o TMSOTf (10 mol %)  BnO o
RO OFox EMO BnOBnO Q
EnO BnOdme CHCl 5 BnO
3 R = Bn 4 molec. sieve 4A OAc_  omn B'Ogwe
12:R = Ac OBn AcO 0 BnO i
n BnO OB
34 HOONe o MeSZO
Entry Donor Acceptor  Temp., time Product, o/ ratio
yield, %
1 3 (o/f =10/1) 4 -78°C, 5min 5,94 1/24
2 -3 4 -78°C, 5min 5, 98 1/24
3 a-12 34 rt, 15 min 40, 88 a only
4 B-12 34 rt, 15 min 40, 89 a only
Table6S. The effect of promoter on the stereosel ectivity of glycosidation of per-benzylated
OFox donor 3
BnO
OBn OH BEO&&H
i n
BE?(&&“OFO; E!E!(r?o 0] promoh: (elquw_} N Enb 0
BnO CH;C
3E!n0 4 DOMe  olec. sieve 4A B0~ 2
5 E!nOOMe
Entry Promoter (equiv.) Temp, time Yieldof 5, % o/ ratio
1 TMSOTT (0.05 equiv.) -78°C, 5 min o7} 1/24
2 TMSOTf (0.05 equiv.)? -78 °C, 10 min 84 1/5.0
3 BF;-OEt, (0.1 equiv.) -78°C, 5 min 93 1/20
4 Cu(QTf), (0.2 equiv.) -78 °C, 5min 97 B only
5 MeOTf (0.2 equiv.) -78 °C, 10 min 91 >1/25
6 AgOTT (0.5 equiv.) rt, 24 h 71 1/1.6
7 PdCl, (0.3 equiv.) rt, 36 h 57 17
8 TMSCIO, (0.1 equiv.)? rt, 10 min 75 5.0/1
9 TMSCIO,4(0.1 equiv.)° rt, 5min 54 6.2/1
10 Bi(OTf)s (0.1 equiv.) -78 °C, 5min 85 7

a. Et,0 was used as the reaction solvent:
P _ A mixture of Et,0/1,4-dioxane (1/1, v/v) was used as the reaction solvent
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Table 7S. Comparative hydrolytic stability study of OFox, trichloro- and trifluoroacetimidates
under various reaction conditions

OBz
BzO o
Ez0 WO\SE@
16 BzO =
OBz OB
BzO o] z
Bz&w OYNH AD BzO o
BzO CCla o BzO
%32 25
BzO
Bzo/éﬂwo\(ﬂ@
BzO CF;
24

For these studies, per-benzoylated OFox glycosyl donor 16 was compared with 2,3,4,6-tetra-O-
benzoyl-a-D-glucopyranosyl  trichloroacetimidate 23 and 2,3,4,6-tetra-O-benzoyl-a,B-D-
glucopyranosyl N-phenyltrifluoroacetimidate 24. These studies were performed in the presence
of various Lewis acids in wet CICH,CH,CIl. A mixture of imidate (16, 23, or 24, 0.01 mmol),
promoter (A-D, see below, 0.013 mmoal) in CICH,CH,CI/H,O (0.5 mL, 500/1, v/v) was stirred
for 24 h at rt. Quantitative estimates were made at 1, 16 and 24 h time points and are based on
the accumulation of 2,3,4,6-tetra-O-benzoyl-D-glucopyranose 25,* as observed by TLC (R; =
0.45, ethyl acetate/hexanes, 3/7, v/v).

0 .
Entry Donor Conditions® Yo of hemiacetal 25 formed after

1h 16 h 24 h
1 16 A guant. guant. quant.
2 23 A 50 60 60
3 24 A 40 50 50
4 16 B 0 0 0
5 23 B 0 0 0
6 24 B 0 0 0
7 16 C 0 guant. quant.
8 23 C 0 0 20
9 24 C 0 0 0
10 16 D 0 0 50
11 23 D 0 10 quant.
12 24 D 0 70 guant.

&Conditions:

A: BF;3-OEt;, (0.1 equiv.);
B: Bi(OTf)3 (0.1equiv.);
C: MeOTf (1.0 equiv.);
D: PdCl; (0.1 equiv.)
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Table 8S. TMSOTf-promoted glycosidation of OFox donor 3 with different acceptorsin CH,Cl,
or EtCN at -78 °C

OBn
. 0 TVMSOTY BESO o
BnO N RCH (1.0 equiv)  BEnO OR
3 Bn%@ 78 °C BrO
solvent
(1.1equiv.) F MS-4A

Entry Acceptor Solvent Product Yield, %°  o/p ratio®
BnO
- n o]
1 2 prggam' EtCN E’Bﬁ’c&&vﬂﬂ 77 B only
27
BnO.
BN ©
2 4 CH,Cl, BeBro 0 % 124
5 BnOgnte
3 4 EtCN 5 99 B only
HO BnO
2 0 BnO Q o)
4 Bscz’o%g CH,Cl, E‘”‘&aﬁ%goﬁof 89 11
28 CNe 29 BZOCMe
5 EtCN 29 87 1/18

28
MK N2 o
6 o 0% CH20|2 Bno o o0 85 1/12

30 -+
31
7 30 EtCN 31 89 B only
'i;o 0 BnO Sy ogn
8 BrO =5 CH,Cl, Bgr%%ﬁ)o - o4 1/4.0
32 33 e
9 32 EtCN 33 92 1/12
BnOOBn
BrO o 0OBn
BnO n Q
10 B0\ CH.Cl; N, o) oo 90 1/6.0
OMe BnO MeO
34 35
11 EtCN 35 88 1/15

12 CH.Cl, 86 B-only

13 CH.Cl, 88 123

38
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Table 9S. Glycosylation with per-acylated glucosyl, galactosyl, and mannosyl OFox donorsin
CHCl, with TMSOTTf as a promoter at rt.

Entry Donor Acceptor
AcO o
AcO
1a AC%FOX 4
14
BzO
BzO Q
2 BzO Bzoo . 4
1%
3 16 28
4 16 30
5 16 32
BzO 0Bz
(o]
6 BZO%?/ CFox 4
18
7 18 30
BzO OBz
BzO o}
9 BzO 4
20 CFox
10 20 30

Product Yied, %
AcO
ﬂ.goo ¢} o
T oAeBIo 0 80
41 Bn Ogwe
BzO
B5N0_o
O agg§§§;§ 94
42 En QC Ve
BzO

Z (8]
86

OBz OBn
BzO fo} o]
%gigFifgéigéﬁ 90
z
44 BnOC'Me
BnOGBn
0Bz
BzO Q
ZEizoﬁS/o & 08n 93
gz MeO
45
OBz OBz
&/0
BzO
BzO BnO 0 98
BnO
Bn
46 "0 e
CBz Bi
BzO o Con
O BnO 98
OB CBz BnO.
N 47 OMe
BzO CBz
Bzo/g 0:
BzO
o 93
BnO Q
BnQ

BzO CBz
ol
Z! n
90

& _ SnCl,4 was used as a promoter to prevent acetyl migration to the C-6 of acceptor that was

observed in the presence of TM SOTT.
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Table 10S. Regenerative glycosylation, a complete experimental dataset

QEBn
Bnowgo Br,, CH,CI
EnO SEt WisaA. 0 °C

EnO

Br
donor Ag-0 (3.0 equiv.)
N
o E&N\O ,N
il W m
HOFox F
product acceptor, BF3-QEt; (0.05 equiv.)
Entry Donor Acceptor HOF.OX Re‘?c“ on Product
(equiv.) time
BnO
OOE-n OH Bg?ﬂ 0
0
1 BE?&&SH Bﬁﬁcﬁﬁ 0 5h BrO "0
%ﬂo 4 BrO0me B0 R
5 BnDDMe
2 6 4 0.10 3h 5
3 6 4 0.25 2h 5
4 6 4 0.50 40 min 5
5 6 4 0.75 30 min 5
6 6 4 1.0 10 min 5
0B OBn OBn
BnO Dn EnO 0 Bno
7 6 BnO 0.1 3h BnO o
o8 BnO o
n
BnQO 0 BEQ&MVOOBD
8 6 HO 0.25 3h BnO
BnOOMe 51 OBn
Bn0"1.0
MeQ
BnO _oBn
BnO _ogp - go
(0] .
9 Bo SEt 4 0.1 25h BrO o
BnO Bno&&‘
52 BnO
53 BnOome
BnO Dgn
BnO—, OBn BnD&H‘
B 0 0 BnO
10  Bro 4 0.1 3h °
54  SEt Bgﬁo/éﬁ
55 BnOowme

Yield

9%

84%
79%
86%
88%
90%

2%

62%

69%

75%

Ratio
a/f

V11

V1.9
V1.9
V12
V12
V12

V17

V1.0

V11

2.5/1
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Scheme 1S. “Regenerative glycosylation” experiment performed in the NMR tube with bromide
donor 7, HOFox (0.25 equiv.), Ag,O (3.0 equiv.) in CD.CI, at 0 °C in the absence of a glycosyl

acceptor
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a-OFox 3

B-OFox 3
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4
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General Experimental Remarks

All reactions were performed under argon with dry, freshly distilled solvents unless otherwise
noted. CH,Cl,, CICH,CHCI, toluene, CH3CN, and EtCN were distilled from CaH directly prior
to application. Anhydrous 1,4-dioxane, tetrahydrofuran, and diethyl ether were used as is.
AgOTf was co-evaporated with toluene (3 x 10 mL) and dried in vacuo for 2-3 h directly prior to
application. TMSOTTf, SnCl4, MeOTf, BF3s-OEt,, Cu(OTf),, PdCl,, TMSCIO,4 and Bi(OTf)3; were
used as is. Molecular sieves (3 A or 4 A), used for the reactions, were crushed and activated at
390 °C and then for 2-3 h a 390 °C prior to application. Reactions were monitored by TLC on
Kieselgel 60 F.s4 and the compounds were detected by examination under UV light and by
charring with 10% sulfuric acid in methanol. Solvents were removed under reduced pressure at <
40 °C. Column chromatography was performed on silica gel 60 (70-230 mesh). Optical rotations
were measured at ‘Jasco P-1020” polarimeter. *H n.m.r. spectra were recorded at 300 MHz, 500
MHz, or 600 MHz. **C n.m.r. spectra were recorded at 75 MHz or 150 MHz. °F spectra were
recorded at 282.2 MHz. The *H chemical shifts are referenced to the signal of the residual CHCl5
(54 = 7.27 ppm) for solutions in CDCls. The *3C chemical shifts are referenced to the central
signa of CDCl3 (8¢ = 77.23 ppm) for solutions in CDCl3. HRM S determinations were made with
the use of JOEL M Station (JMS-700) Mass Spectrometer.

Synthesis of 3,3-difluoroxindole (HOFox, 3,3-difluoroindolin-2-one)

H H
0O —— o)
0 F° F

The title compound was obtained from isatin and DAST as previously described. Analytical data
were in accordance with that previously reported.?

Preparation of OF ox imidates

Method A. A typical procedurefor the preparation from hemiacetals via glycosy! chlorides.
SOCI;, (81.1 pL, 1.11 mmol) was added dropwise to a solution of hemiaceta (8 or 9, 0.20 g, 0.37
mmol) in dry CH,Cl, (2.0 mL) and dry DMF (14.3 pL) and the resulting mixture was stirred
under argon for 7 h at rt. Upon completion, the reaction mixture was diluted with CH,Cl, (~30
mL) and washed with sat. ag. NaHCOs3 (2 x 15 mL) and cold water (2 x 15 mL). The organic
phase was separated, dried with MgSO,, and concentrated in vacuo. The residue containing
crude glycosyl halide (0.37 mmol) was dried under high vacuum for 4 h. Freshly activated
molecular sieves (3 A, 600 mg) and dry CH,Cl, (2.0 mL) were added and the resulting mixture
was stirred under argon for 1 h at rt. After that, 3,3-difluorooxindole (69 mg, 0.41 mmol), Ag.O
(258 mg, 1.11 mmol), and diisopropylethylamine (DIPEA, 97 uL, 0.56 mmol) were added and
the resulting mixture was stirred for 8-12 h. The solids were filtered off through a pad of Celite
and rinsed successively with CH,Cl,. The combined filtrate (~40 mL) was washed with 1% aq.
NaOH (2 x 15 mL) and water (2 x 15 mL). The organic phase was separated, dried with MgSQy,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(ethyl acetate-hexanes gradient elution) to afford the corresponding OFox imidates 3 or 10 in
yieldslisted in Table 1S.
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Methods B and C. A typical procedure for the preparation from glycosyl bromides. A
mixture of a glycosyl bromide (11, 13, 15 or 21, 0.15 mmol) and freshly activated molecular
sieves (3 A, 300 mg) in dry CH.Cl, (Method B, 1.0 mL) or toluene (Method C, 1.0 mL) was
stirred under argon for 1 h at rt. After that, 3,3-difluorooxindole (25.7 mg, 0.15 mmol), Ag,O
(205 mg, 0.45 mmol), and DIPEA (39.7 pL, 0.23 mmol) were added and the resulting mixture
was stirred for 40 min-10 h at the temperature indicated in Table 1S. The solids were filtered off
through a pad of Celite and rinsed successively with CH,Cl,. The combined filtrate (~40 mL)
was washed with 1% ag. NaOH (2 x 15 mL) and water (2 X 15 mL). The organic phase was
separated, dried with MgSO,, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (ethyl acetate-hexanes gradient elution) to afford the corresponding
OFox imidatesinyields listed in Table 1S.

Method D. A typical procedure for the preparation from pentabenzoates via glycosyl
bromides. A 33% solution of HBr in AcOH (0.10 mL, 1.7 mmol) was added to a solution of a
1,2,3,4,6-penta-O-benzoyl-D-galacto or mannopyranose (17 or 19, 100 mg, 0.14 mmoal) in dry
CH.Cl, (0.2 mL) and the resulting mixture was stirred under argon for 2-4 h at rt. The reaction
mixture was then diluted with CH,Cl, (~40 mL) and washed with cold sat. ag. NaHCOs (2 x 15
mL) and cold water (2 x 15 mL). The organic phase was separated, dried with MgSO,, and
concentrated in vacuo. The residue containing crude glycosyl bromide (0.14 mmol) was dried
under high vacuum for 4 h. After that, freshly activated molecular sieves (3 A) and dry CH,Cl,
(2.4 mL) were added and the resulting mixture was stirred under argon for 1 h at rt. After that,
the resulting mixture was cooled to 0 °C in case of galactose sugar and at rt for mannose sugar,
followed by addition of 3,3-difluorooxindole (26.7 mg, 0.16 mmol), Ag,O (99.2 mg, 0.43 mmol)
and DIPEA (37.4 uL, 0.21 mmol) were added and the resulting mixture was stirred for 2-6 h as
indicated in Table 1S. The solids were then filtered off through a pad of Celite and rinsed
successively with CH,Cl,. The combined filtrate (~40 mL) was washed with 1% ag. NaOH (2 x
15 mL) and water (2 x 15 mL). The organic phase was separated, dried with MgSO,, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (ethyl
acetate-hexanes gradient elution) to afford the corresponding OFox imidates in yields listed in
Table 1S.

3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetr a-O-benzyl-o/B-D-glucopyranoside (3)
OBn

ot od T

3 OEn F O
The title compound was obtained from 2,3,4,6-tetra-O-benzyl-D-glucopyranose 8° by Method B
in 62% vyield (a/f = 10/1) as a white foam. Anaytica data for a-3: Ry = 0.43 (ethyl
acetate/hexanes, 1/4, vIv); *H n.m.r. (300 MHz): 3, 3.66 (dd, 1H, Jsea = 1.8 Hz, Jsagr = 10.9 Hz,
H-6a), 3.79 (dd, 1H, J, 3= 9.3 Hz, H-2, ), 3.79 (dd, 1H, Jsg, = 3.3 Hz, H-6b), 3.83 (dd, 1H, J45 =
9.3 Hz, H-4), 4.01 (m, 1H, H-5), 4.13 (dd, 1H, Js4 = 9.3 Hz, H-3), 4.52 (dd, 2H, °J = 12.0 Hz,
CH.Ph), 4.69 (dd, 2H, 2J = 10.5 Hz, CH,Ph), 4.73 (s, 2H, CH,Ph), 4.93 (dd, 2H, %J = 10.9 Hz,
CH,Ph), 6.50 (d, 1H, J.» = 3.3 Hz, H-1), 7.11-7.42 (m, 24H, aromatic) ppm; *C n.m.r. (75
MHz): 9, 68.1, 73.2, 73.5, 73.6 (x 2), 75.2, 75.3, 79.4, 81.5, 99.8, 117.4, 120.4, 123.3, 125.7,
127.8, 127.9, 128.0 (x 4), 128.0 (x 2), 128.1 (x 7), 128.6 (x 8), 133.6, 137.9, 138.0, 138.2, 138.8
ppm; °F nmur.: 8, -121.3 (s, 2F, CF,) ppm; HR-FAB MS [M+Na* calculated for
Ca2H3oF2NOgNa'" 714.2643, found 714.2645.
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3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (10)

EnO OBn

BnO 0
FFF

The title compound was obtained from 2,3,4,6-tetra-O-benzyl-a/B-D-mannopyranose 9* by
Method A in 61% yield as awhite foam. Analytical datafor 10: Ry = 0.45 (ethyl acetate/hexanes,
2/3, vIv); [o]p** +13.7 (c = 1.0, CHCl3); *H n.m.r. (300 MHz): 8, 3.74 (dd, 1H, Jses = 1.8 Hz,
Jsasp = 11.3 Hz, H-6a), 3.84 (dd, 1H, Js ¢, = 4.3 Hz, H-6b), 3.95-4.03 (m, 3H, H-2, 4, 5), 4.14 (m,
1H, J3.4 = 9.5 Hz, H-3), 4.60 (dd, 2H, 2J = 11.6 Hz, CH,Ph), 4.62 (dd, 2H, 2J = 12.1 Hz, CH,Ph),
4.70 (dd, 2H, 23 = 10.7 Hz, CH,Ph), 4.78 (s, 2H, CH,Ph), 6.40 (d, 1H, J;» = 1.1 Hz, H-1), 7.15-
7.47 (m, 24H, aromatic) ppm; **C n.m.r. (75 MHz): 3, 69.1, 72.6, 72.8, 73.1, 73.4, 74.0, 74.8,
75.3, 79.0, 97.7, 120.5 (x 2), 123.4 (x 2), 125.9, 126.7, 127.7, 127.7 (x 2), 128.0 (x 3), 128.1 (x
2), 128.2 (x 2), 128.3 (x 3), 128.5 (x 2), 128.6 (x 6), 133.7, 138.0, 138.2, 138.4 (x 2), ppm; “°F
nm.r.: 8, -121.5 (s, 2F, CF,) ppm; HR-FAB MS [M+Na]* calculated for CsHzF-NOgNa"
714.2643, found 714.2639.

3,3-Difluoro-3H-indol-2-yl 3,4,6-tri-O-acetyl-2-O-benzyl-B-D-glucopyranoside ($-12)
OAc
N
o)
12 OB g
The title compound was obtained from 3,4,6-tri-O-acetyl-2-O-benzyl-a-D-glucopyranosyl
bromide 11 by Method B at rt in 80% yield as a white foam. Analytical data for 3-12: R; = 0.39
(ethyl acetate/hexanes, 2/3, vIv); [a]p®® +13.7 (c = 1.0, CHCls3); *H n.m.r. (300 MHz): 3, 1.95,
2.03, 2.07 (3s, 9H, 3 x COCHg), 3.80 (dd, 1H, J,3 = 7.9 Hz, H-2), 3.95 (m, 1H, H-5), 4.14 (dd,
1H, Js.6a = 2.3 Hz, Jeaep = 12.5 Hz, H-6a), 4.34 (dd, 1H, Js¢p = 4.4 Hz, H-6b), 4.74 (dd, 2H, 2J =
11.6 Hz, CH,Ph), 5.11 (dd, 1H, J45 = 9.5 Hz, H-4), 5.27 (dd, 1H, J3,=9.2 Hz, H-3), 5.94 (d, 1H,
Jio = 7.8 Hz, H-1), 7.18-7.49 (m, 9H, aromatic) ppm; **C n.m.r. (75 MHz): &, 20.7 (x 2), 20.8,
61.5, 67.9, 72.6, 73.6, 74.7, 77.6, 99.1, 120.6, 123.3, 126.2, 128.1 (x 2), 128.3 (x 3), 128.5 (x 3),
133.7, 137.1, 150.3, 169.7, 170.0, 170.7 ppm; °F n.m.r.: 8, -122.0 (d, 2F, CF,) ppm; HR-FAB
MS[M+Na]" calculated for Co;H27F2NOgNa" 570.1552, found 570.1562.

3,3-Difluoro-3H-indol-2-yl 3,4,6-tri-O-acetyl-2-O-benzyl-a-D-glucopyranoside (a-12)

OAc
AcO 0
AcO N
EnOO %
12
F F

The title compound was obtained from 3,4,6-tri-O-acetyl-2-O-benzyl-a-D-glucopyranosyl
bromide 11 by Method B at 0 °C in 81% yield as a white foam. Analytical data for a-12: Rs =
0.38 (ethyl acetate/hexanes, 2/3, vIv); [a]p®® +101.4 (¢ = 1.0, CHCl3); *H n.m.r. (300 MHz): 3,
2.02, 2.03, 2.05 (3s, 9H, 3 x COCHg), 3.81 (dd, 1H, J,3 = 9.9 Hz, H-2), 4.06 (dd, 1H, J56, = 2.0
Hz, Jsaep = 12.4 Hz, H-63), 4.18 (m, 1H, H-5), 4,29 (dd, 1H, Js e, = 4.1 Hz, H-6b), 4.67 (s, 2H,
CH,Ph), 5.11 (dd, 1H, J45 = 10.0 Hz, H-4), 5.57 (d, 1H, J34 = 9.7 Hz, H-3), 6.45 (d, 1H, J:, =
3.5 Hz, H-1), 7.17-7.40 (m, 9H, aromatic) ppm; *C n.m.r. (75 MHz): 3, 20.7 (x 2), 20.8, 61.4,
67.8, 69.8, 71.4, 73.3, 75.7, 95.0, 120.4, 123.3, 125.9, 126.8, 127.9 (x 3), 128.2, 128.6 (x 3),
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133.5, 137.2, 150.4, 168.7, 169.8, 170.1 ppm; °F n.m.r.: 3, -121.6 (s, 1F, CF.?), -121.5 (s, 1F,
CF.?); HR-FAB MS[M+Na]" calculated for Co7H-7F,NOgNa* 570.1552, found 570.15609.

3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetra-O-acetyl-a-D-glucopyranoside (14)
OAc

AcO 0
AcO N
ACOO 7
14

F*F
The title compound was obtained from 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bromide 13°
by Method C in 62% yield as a white foam. Analytical data for 14: Ry = 0.42 (ethyl
acetate/hexanes, 1/1, vIv); [a]p™ +5.2 (c= 1.0, CHCl3); *H n.m.r. (300 MHz): 3, 1.96, 1.97, 1.98,
2.01 (4s, 12H, 4 x COCHs), 3.95 (m, 1H, H-5), 4.15 (dd, 1H, Js62 = 2.3 Hz, Jsaep = 12.5 Hz, H-
6a), 4.30 (dd, 1H, Jse = 4.3 Hz, H-6b), 5.17-5.32 (m, 3H, H-2, 3, 4), 5.95 (m, 1H, H-1), 7.14-
7.40 (m, 4H, aromatic) ppm; **C n.m.r. (75 MHz): 8, 20.4, 20.6 (x 2), 20.7, 61.4, 67.6, 70.3,
72.4,72.9, 96.6, 120.5 (x 2), 123.3 (x 2), 126.2, 126.8, 133.6, 150.0, 169.3, 169.4, 170.2, 170.8
ppm; °F nmur.: 3, -122.4 (s, 1F, CF,9), -122.3 (s, 1F, CF,") ppm; HR-FAB MS [M+H]*
calculated for CoH23F2NO19 500.1290, found 500.1361.

3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetr a-O-benzoyl-a-D-glucopyranoside (16)

OBz

BZO/&&’
82016 BzOO E/NI j
F7F

The title compound was obtained from 2,3,4,6-tetra-O-benzoyl-a-D-glucopyranosyl bromide 15°
by Method B in 75% vyield as a pale yellow foam. Anaytical data for 16: Ry = 0.41 (ethyl
acetate/hexanes, 3/7, v/v); [a]o> +45.8 (c= 1.0, CHCl3); *H n.m.r. (300 MHz): 8, 4.48 (dd, 1H,
Jspa = 4.7 Hz, Jeapn = 12.4 Hz, H-6a), 4.64 (m, 2H, Js ¢, = 2.3 Hz, H-5, 6b), 5.69 (dd, 1H, J,3 =
10.2 Hz, H-2), 5.83 (dd, 1H, J;5 = 10.0 Hz, H-4), 6.31 (dd, 1H, J34 = 10.0 Hz, H-3), 6.82 (d, 1H,
Ji> = 3.7 Hz, H-1), 7.05-7.99 (m, 24H, aromatic) ppm; *C n.m.r. (75 MHz): 3, 62.4, 68.6, 70.1,
70.3, 70.6, 94.8, 120.6, 123.2, 126.0, 126.5, 128.3, 128.4 (x 2), 128.4 (x 2), 128.5 (x 4), 128.6 (x
2), 128.8, 129.1, 129.5, 129.7 (x 2), 129.8 (x 2), 130.0 (x 4), 133.1, 133.4, 133.5, 133.6, 133.7,
150.1, 165.2, 165.5, 165.6, 166.0 ppm; °F n.m.r.; 8, -121.8 (s, 1F, CF.?), -121.6 (s, 1F, CF,")
ppm; HR-FAB MS[M+Na]" calculated for C4Hs1FoNOjgNa'™ 770.1813, found 770.1800.

3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetr a-O-benzoyl-B-D-galactopyranoside (18)
BzO OBz
N
BZO&/O@
18 OBz ¢ F

This compound was obtained from 2,3,4,6-tetra-O-benzoyl-a-D-gal actopyranosyl bromide 17’
by Method D in 75% yield as a white foam. Analytica data for 18: R; = 0.39 (ethyl
acetate/hexanes, 3/7, v/v); [a]p? +2.7 (c= 1.0, CHCl3); *H n.m.r. (300 MHz): 3, 4.51 (dd, 1H,
Jspa = 5.9 Hz, Jsaep = 10.6 Hz, H-64), 4.63 (m, 1H, H-5), 4.72 (dd, 1H, Js6, = 6.6 Hz, H-6b),
5.75 (dd, 1H, Js34 = 3.4 Hz, H-3), 6.11 (m, 2H, H-2, 4), 6.34 (d, 1H, J;» = 7.8 Hz, H-1), 7.14-8.14
(m, 24H, aromatic) ppm; **C n.m.r. (75 MHz): 3, 61.8, 67.6, 68.9, 71.4, 72.7, 97.4, 120.4, 123.6,
124.7, 125.4, 128.3, 128.6 (x 4), 128.7, 128.8, 128.9 (x 2), 129.0, 129.2 (x 2), 129.4, 129.9 (x 9),
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130.1 (x 2), 133.3, 133.5, 133.6, 133.8, 165.1, 165.5 (x 2), 166.0 ppm; °F n.m.r.: §, -122.2 (s,
2F, CF,); HR-FAB MS[M+Na]* calculated for CaoHaF-NOyoNa' 770.1813, found 770.1791.

3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranoside (20)

BzO OBz

BzO Q

BZO/&A‘ N

F7F

The title compound was obtained from 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl bromide
19% by Method D in 84% vyield as a white foam. Analytical data for 20: Ry = 0.43 (ethyl
acetatelhexanes, 3/7, vIv); [a]p?* -5.3 (c = 1.0, CHCl3); *H n.m.r. (300 MHz): 3, 4.52 (dd, 1H,
Js6a = 4.4 Hz, Jsaep = 12.1 Hz, H-64), 4.62 (m, 1H, H-5), 4.70 (dd, 1H, Jse = 2.2 Hz, H-6b),
6.02 (dd, 1H, J,3 = 3.3 Hz, H-2), 6.07 (dd, 1H, J34 = 10.0 Hz, H-3), 6.24 (dd, 1H, J;5 = 10.0 Hz,
H-4), 6.64 (d, 1H, J;, = 1.7 Hz, H-1), 7.16-8.09 (m, 24H, aromatic) ppm; **C n.m.r. (75 MH2):
d, 62.5, 66.2, 69.0, 69.6, 71.5, 96.0, 121.0, 123.5, 125.5, 126.4, 126.8, 128.4, 128.5 (x 2), 128.6
(x 2), 128.7 (x 2), 128.8, 128.9 (x 2), 128.9, 129.0, 129.2, 129.8, 129.9 (x 2), 130.0 (x 2), 130.1
(x 4), 133.2, 133.6, 133.8, 134.0, 138.1, 165.2, 165.5, 165.6, 166.1 ppm; °F n.m.r.: 3, -121.8 (s,
1F, Can), -121.5 (S, 1F, Csz); HR-FAB MS [M+Na]+ caculated for C42H31F2N010Na+
770.1813, found 770.1814.

3,3-Difluoro-3H-indol-2-yl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-f-D-glucopyranoside (22)

OAc N
o)
2 Y FF

The title compound was obtained from 3,4,6-tri-O-acetyl-2-azi do-2-deoxy-o-D-glucopyranosyl
bromide 21 by Method B in 70% yield as a white foam. Analytical data for 22: Ry = 0.43 (ethyl
acetatelhexanes, 2/3, vIv); [o]p?* +8.4 (c= 1.0, CHCl3); *H n.m.r. (300 MHz): 3, 2.05, 2.08, 2.12
(3s, 9H, 3 x COCHg3), 3.88 (dd, 1H, J,3 = 9.2 Hz, H-2), 3.93 (m, 1H, H-5), 4.16 (dd, 1H, Js6, =
2.3 Hz, H-64), 4.35 (dd, 1H, Jsg, = 4.3 Hz, Jeaep = 12.6 Hz, H-6b), 5.13 (dd, 1H, J;5 = 8.9 Hz,
H-4), 5.17 (dd, 1H, J34 = 9.2 Hz, H-3), 5.82 (d, 1H, J;» = 8.3 Hz, H-1), 7.19-7.43 (m, 4H,
aromatic) ppm; *3C n.m.r. (75 MHz): &, 20.7, 20.8, 20.9, 60.6, 63.1, 67.8, 72.7, 73.0, 97.6, 120.7,
123.5, 126.5, 126.7, 127.0, 127.3, 133.8, 150.1, 169.8, 170.0, 170.7 ppm; *°F n.m.r.: 3, -122.2 (s,
2F, CF,). HR-FAB MS[M+Na]" calculated for CyHoF2N4OgNa" 505.1147, found 505.1142.

Preparation and characterization of other glycosyl donors and intermediates

2,3,4,6-Tetra-O-benzyl-a/B-D-glucopyranosyl trichloroacetimidate (1)

0Bn
BnOé&M
0 o.__cci
o 1 OBn \[h];-l ’
This compound was obtained from 2,3,4,6-tetra-O-benzyl-D-glucopyranose 8° in 62% yield as a
white foam as previously described.” Analytical data for is this for a-1: R = 0.43 (ethyl
acetate/hexanes, 1/4 viv); *H n.m.r. (300 MHz): 8, 3.67 (dd, 1H, Jsea = 1.9 Hz, Jsaep = 10.9 Hz,
H-6a), 3.74-3.80 (m, 3H, H-2, 4, 6b), 3.99 (m, 1H, H-5), 4.05 (dd, 1H, J3,4 = 9.4 Hz, H-3), 4.53
(dd, 2H, 23 = 12.0 Hz, CH,Ph), 4.71 (dd, 2H, 23 = 11.7 Hz, CH,Ph), 4.73 (dd, 2H, %J = 10.7 Hz,
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CH,Ph), 4.84 (dd, 2H, 2J = 7.6 Hz, CH,Ph) , 6.50 (d, 1H, J;» = 3.4 Hz, H-1), 7.12-7.33 (m, 24H,
aromatic), 8.57 (s, 1H, NH) ppm; *3C n.m.r. (75 MHz): 8, 68.1, 73.0, 73.2, 73.6, 75.5, 75.8, 79.5,
81.5,91.4,94.5, 127.8 (x 3), 127.9 (x 2), 128.0, 128.1 (x 2), 128.2 (x 4), 128.5 (x 4), 128.6 (x 4),
137.9, 138.1, 138.2, 138.7, 161.4 ppm; HR-ESI MS [M+Na]" calculated for CssH3sClsNOgNa"
706.1506, found 706.1500.

2,3,4-Tri-O-benzyl-a,3-D-glucopyranosyl N-phenyltrifluor oacetimidate (2)
0Bn

BnO o]
Br.&,ﬁo\n/c’:s

o B0 NpPh

The title compound was obtained from 2,3,4,6-tetra-O-benzyl-D-glucopyranose 8° by adapting
previously published procedure.®® 2,2,2-Trifluoro-N-phenylethanimidoyl chloride (89.4 pL, 0.55
mmol) and K,COj3 (55 mg, 0.55 mmol) were added to a solution of 8 (150 mg, 0.28 mmol) in
acetone (1.5 mL) and the resulting mixture was stirred for 3 h at rt. The solids were filtered off
through a pad of Celite and the filtrate was concentrated in vacuo. The residue was purified by
column chromatography on silica gel (ethyl acetate-hexanes gradient elution) to afford the title
compound in 72% yield as a white amorphous solid. Analytical data for $-2: Ry = 0.5 (ethyl
acetate/hexanes, 1/4, viv); *H n.m.r. (500 MHz): 3, 3.56-3.95 (m, 6H, H-2, 3, 4, 5, 63, 6b), 4.58
(dd, 2H, %3 = 9.5 Hz, CH,Ph), 4.69 (dd, 2H, 2J = 12.2 Hz, CH,Ph), 4.88 (s, 2H, CH,Ph), 5.00
(dd, 2H, 2J = 10.2 Hz, CH,Ph) , 5.74 (d, 1H, J;2 = 8.0 Hz, H-1), 6.78-7.5 (m, 25H, aromatic);
3C n.m.r. (75 MHz): §, 73.6, 75.3, 75.4, 75.8 (x 2), 75.9 (x 2), 75.8, 81.1, 84.7, 119.5, 124.5,
127.9, 128.0 (x 2), 128.1 (x 3), 128.2 (x 3), 128.4 (x 2), 128.6 (x 6), 128.7 (x 7), 128.9 (x 2),
137.9, 138.1 (x 2), 138.5, 143.6 ppm; HR-FAB MS [M+Na]* calculated for CsHaoFsNOgNa"
734.2705, found 734.2720.

Ethyl 2,3,4,6-tetr a-O-benzyl-1-thio-p-D-glucopyranoside (6)

OBn
0
Bﬂ%ﬁ&sm

EnO
6

The title compound was obtained as previously described.™

3,4,6-Tri-O-acetyl-2-O-benzyl-a-D-glucopyranosyl bromide (11)
OAc

AcO o
AcO

1"
The title compound was obtained from 1,3,4,6-tetra-O-acetyl-2-O-benzyl-D-glucopyranose™ in
90% vield as a white foam as previously described.’® Analytical data for 11: Ry = 0.43 (ethyl
acetate/hexanes, 2/3, v/v); *H n.m.r. (300 MHz): 8, 1.96, 1.98, 2.00 (3s, 9H, 3 x COCH3), 3.57
(dd, 1H, J»5 = 9.6 Hz, H-2), 4.12 (M, 1H, Jssa = 4.1 Hz, H-68), 4.22 (m, 1H, H-5), 4.27 (dd, 1H,
Jseb = 4.0 HZ, Jeaey = 12.6 Hz, 6b), 4.63 (dd, 2H, 2] = 12.3 Hz, CH,Ph), 5.06 (dd, 1H, Jss = 9.8
Hz, H-4), 5.48 (dd, 1H, Js4 = 9.5 Hz, H-3), 6.34 (d, 1H, J1» = 3.9 Hz, H-1) ppm; C n.m.r. (75
MHz): 8, 20.8, 20.9 (x 2), 61.3, 67.3, 72.2 (x 2), 72.9, 76.5, 89.2, 128.1 (x 2), 128.5, 128.8 (x 2),
137.0, 169.9, 170.1, 170.7 ppm; HR-FAB MS [M+Na]+ calculated for CigH23BrOsNa’ 481.0474,
found 481.0483.

BnOBr
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2,3,4,6-Tetra-O-benzoyl-a-D-galactopyranosyl bromide (15)

BzO _0OBz

0
BzO
15 BzOp,

The title compound was obtained from 1,2,3,4,6-penta-O-benzoyl-D-galactopyranose in 90%
yield as a white foam as previously described.** Analytica data for 15: R; = 0.44 (ethyl
acetate/hexanes, 3/7, v/v); [a]p>* +152.5 (c= 1.0, CHCl3); *H n.m.r. (300 MHz): 3, 4.47 (dd, 1H,
Js60 = 6.0 Hz, Jga5b = 11.6 Hz, H-6b), 4.65 (dd, 1H, Js56,= 6.8 Hz, H-64), 4.93 (dd, 1H, H-5), 5.67
(dd, 1H, J, 3= 9.8 Hz, H-2), 6.06 (dd, 1H, J34 = 10.0 Hz, H-3), 6.13 (dd, 1H, J45 = 3.8 Hz, H-4),
6.98 (d, 1H, J;» = 4.0 Hz, H-1) ppm; **C n.m.r. (75 MHz): 3, 61.9, 68.3, 68.8, 69.1, 72.0, 88.5,
128.6 (x 2), 128.7 (x 2), 128.7, 128.8 (x 2), 128.9 (x 2), 129.0 (x 2), 129.4, 130.0 (x 4), 130.2 (x
4), 133.6 (x 2), 134.0 (x 2), 165.5, 165.6, 165.8, 166.1 ppm; HR-FAB MS [M+Na]"* calculated
for C'3,4H27BI’C)9NE':IJr 681.0736, found 681.0721.

3,4,6-Tri-O-acetyl-2-azido-2-deoxy-a-D-glucopyranosyl bromide (21)

OAc
AcO 0
AcO
21 Nsgr

The title compound was obtained from 1,34,6-tetra-O-acetyl-2-azido-2-deoxy-D-
glucopyranose™*° in 90% yield as a white foam as previously described.*® Analytical data for
21: Rs = 0.46 (ethyl acetate/hexanes, 2/3, v/v); [a]p™ +146.9 (c= 1.0, CHCls); *H n.m.r. (300
MHz): 3, 2.06, 2.09, 2.11 (3s, 9H, 3 x COCHs), 3.81 (dd, 1H, Jo5 = 10.2 Hz, H-2), 4.12 (m, 1H,
Jsea= L9 HZ, Joae = 8.5 Hz, H-63), 4.33 (M, 2H, Js g = 4.1 Hz, H-5, 6b), 5.14 (dd, 1H, Js5 = 9.8
Hz, H-4), 5.5 (dd, 1H, Js4 = 10.0 Hz, H-3), 6.42 (d, 1H, J;» = 3.8 Hz, H-1) ppm; *C n.m.r. (75
MHz): 9, 20.5, 20.6 (x 2), 61.0, 62.3, 67.3, 71.7, 72.4, 87.4, 169.6, 169.7, 170.4 ppm; HR-FAB
MS[M+Na]" calculated for C1oH16BrN3zO;Na’ 416.0069, found 416.0065.

2,3,4,6-Tetra-O-benzoyl-a-D-glucopyranosyl trichlor oacetimidate (23)

OBz
0]
BE?&WOTC%

- OBz NH

The title compound was obtained from 2,3,4,6-tetra-O-benzoyl-D-glucopyranose 25 in 83%
yield as a white foam as previously described. Analytical data for 23 was in accordance with
that reported previously.*

2,3,4,6-Tetra-O-benzoyl-a-D-glucopyranosyl N-phenyltrifluor oacetimidate (24)

OBz

BZO/&O
BzO
BZOO CF3
24
NFh

The title compound was obtained from 2,3,4,6-tetra-O-benzoyl-D-glucopyranose 25" by adapting
previously published procedure.’® 2,2,2,-Trifluoro-N-phenylethanimidoyl chloride (0.70 mL,
4.37 mmol) and K,CO3 (0.54 g, 5.46 mmol) were added to a solution of 25 (2.17 g, 3.64 mmol)
in acetone (25 mL) and the resulting mixture was stirred for 5 h at rt. The solids were filtered off
through a pad of Celite and the filtrate was concentrated in vacuo. The residue was purified by
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column chromatography on silica gel (ethyl acetate-hexanes gradient elution) to afford the title
compound in 86% yield as a white foam. Anaytica data for a-24: Ry = 0.5 (ethyl
acetate/hexanes, 3/7, v/v); [a]o? +49.4 (c= 1.0, CHCl3); *H n.m.r. (500 MHz): 8, 4.51 (dd, 1H,
Jspa = 4.4 Hz, Jsaep = 12.5 Hz, H-64), 4.69 (m, 1H, H-5), 4.77 (dd, 1H, Jsg, = 1.8 Hz, H-6b),
5.67 (dd, 1H, J,3 = 10.3 Hz, H-2), 5.93 (dd, 1H, J45 = 10.1 Hz, H-4), 6.30 (m, 3H, H-3, 2’, 6°),
6.92 (d, 1H, J1» = 3.6 Hz, H-1), 7.00-8.15 (m, 25H, aromatic) ppm; *C n.m.r. (125 MHz): 3,
62.4, 68.6, 70.0, 70.5, 70.8, 92.3, 119.1, 124.4, 128.6 (x 2), 128.7 (x 5), 128.8 (x 5), 128.9, 129.7,
129.9 (x 2), 130.0 (x 8), 133.3, 133.4, 133.7, 133.8, 142.8, 143.0, 165.2, 165.4, 165.7, 166.1; *°F
n.m.r.: 3, -65.51 (s, 3F, CF3) ppm; HR-FAB MS [M+Na]" caculated for CyoHzFoaNOjNa
790.1876, found 790.1886.

Ethyl 2,3,4,6-tetra-O-benzyl-1-thio-f-D-galactopyranoside (52)
BnO _ogn

(0]
BnO SEt
BnO
52

The title compound was obtained as previously described.?

Ethyl 2,3,4,6-tetra-O-benzyl-1-thio-a-D-mannopyranoside (54)
BnO—, OBn

BrnO 0
BnO

s SEt
The title compound was obtained as previously described.?

General glycosylation procedures

Method A. A typical TMSOTf-promoted glycosylation procedure. A mixture of glycosyl donor
(0.11 mmol), glycosyl acceptor (0.10 mmol), and freshly activated molecular sieves (4A, 90 mg)
in CH,Cl, (0.5 mL) or other solvent as indicated in Tables was stirred under argon for 1 h at rt.
The mixture was cooled to -78 °C or other temperature as indicated in Tables, TMSOTf (0.0055-
0.011 mmol) was added, and the resulting mixture was stirred for 10-15 min as indicated in
Tables. The solids were filtered off through a pad of Celite and rinsed successively with CH.Cl..
The combined filtrate (~40 mL) was washed with 1% ag. NaOH (2 x 10 mL) and water (2 x 10
mL). The organic phase was separated, dried with MgSO,4, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (ethyl acetate - hexane gradient
elution) to afford a glycoside derivative in yields listed in Tables.

Method B. A typical BF3-OEt,-promoted glycosylation procedure. A mixture of 3,3-difluoro-
3H-indol-2-yl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside 3 (32.7 mg, 0.047 mmol), methyl
2,3,4-tri-O-benzyl-a-D-glucopyranoside 4 (18.3 mg, 0.043 mmol), and freshly activated
molecular sieves (4A, 95 mg) in CH,Cl, (0.6 mL) was stirred under argon for 1 h at rt. The
mixture was cooled to -78 °C, BFs-OEt, (0.3 pL, 0.002 mmol) was added, and the resulting
mixture was stirred for 5 min. The solids were filtered off through a pad of Celite and rinsed
successively with CH,Cl,. The combined filtrate (~40 mL) was washed with 1% ag. NaOH (2 x
10 mL) and water (2 x 10 mL). The organic phase was separated, dried with MgSO,, and
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concentrated in vacuo. The residue was purified by column chromatography on silica gel (ethyl
acetate - hexane gradient elution) to afford disaccharide 5 in 93% yield (a/p = 1/20, Table 6S).

Method C. A typical Cu(OTf),-promoted glycosylation procedure. A mixture of donor 3 (38.3
mg, 0.055 mmol), methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside 4 (23.4 mg, 0.05 mmol), and
freshly activated molecular sieves (3 A, 110 mg) in CH,Cl, (0.64 mL) was stirred under argon
for 1 h at rt. Cu(OTf), (2.0 mg, 0.003 mmol) was added and the resulting mixture was stirred for
5 min. The solids were filtered off through a pad of Celite and rinsed successively with CH,Cl».
The combined filtrate (~40 mL) was washed with 1% ag. NaOH (2 x 10 mL) and water (2 x 10
mL). The organic phase was separated, dried with MgSO,, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (ethyl acetate - hexane gradient
elution) to afford disaccharide 5in 97% yield (B only, Table 6S).

Method D. A typical MeOTf-promoted glycosylation procedure. A mixture of donor 3 (30.6 mg,
0.044 mmol), acceptor 4 (18.7 mg, 0.040 mmol), and freshly activated molecular sieves (44, 90
mg) in CH,Cl;, (0.5 mL) was stirred under argon for 1 h at rt. MeOTf (0.55 pL, 0.0044 mmol)
was added and the resulting mixture was stirred for 10 min. The solids were filtered off through a
pad of Celite and rinsed successively with CH,Cl,. The combined filtrate (~40 mL) was washed
with 1% ag. NaOH (2 x 10 mL) and water (2 x 10 mL). The organic phase was separated, dried
with MgSO,, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (ethyl acetate - hexane gradient elution) to afford disaccharide 5 in 91% yield (o/ff =
1/>25, Table 6S)

Method E. A typical AgOTf-promoted glycosylation procedure. A mixture of donor 3 (43.5 mg,
0.062 mmol), acceptor 4 (26.7 mg, 0.057 mmol), and freshly activated molecular sieves (44, 120
mg) in CH,Cl, (0.73 mL) was stirred under argon for 1 h at rt. AgOTf (7.3 mg, 0.028 mmol) was
added and the resulting mixture was stirred for 24 h. The solids were filtered off through a pad of
Celite and rinsed successively with CH,Cl,. The combined filtrate (~40 mL) was washed with
1% ag. NaOH (2 x 10 mL) and water (2 x 10 mL). The organic phase was separated, dried with
MgSO,, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (ethyl acetate - hexane gradient elution) to afford disaccharide 5 in 71% yield (a/f =
1/1.6, Table 6S).

Method F. A typical PdCl,-promoted glycosylation procedure. A mixture of donor 3 (33.2 mg,
0.048 mmol), acceptor 4 (20.3 mg, 0.044 mmol), and freshly activated molecular sieves (44, 90
mg) in CH>Cl, (0.55 mL) was stirred under argon for 1 h at rt. PdCl, (2.55 mg, 0.014 mmol) was
added and the resulting mixture was stirred for 36 h. The solids were filtered off through a pad of
Celite and rinsed successively with CH,Cl,. The combined filtrate (~40 mL) was washed with
1% ag. NaOH (2 x 10 mL) and water (2 x 10 mL). The organic phase was separated, dried with
MgSO,, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (ethyl acetate - hexane gradient elution) to afford disaccharide 5 in 57% yield (o/ff =
/1.7, Table 6S).

Method G. A typical TMSCIO,4-promoted glycosylation procedure. A mixture of donor 3 (0.044

mmol), acceptor 4 (0.040 mmol), and freshly activated molecular sieves (3 A, 90 mg) in Et,O
(0.5 mL) or Et,0/1.4-dioxane (0.5 mL, 1/1, v/v) was stirred under argon for 1 h at rt. TMSCIO,*
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(0.0044 mmol) was added and the resulting mixture was stirred for 5 min. The solids were
filtered off through a pad of Celite and rinsed successively with CH,Cl,. The combined filtrate
(=40 mL) was washed with 1% ag. NaOH (2 x 10 mL) and water (2 x 10 mL). The organic phase
was separated, dried with MgSO,, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel (ethyl acetate - hexane gradient elution) to afford
disaccharide 5in 75% (a/p = 5/1, Table 6S) or 54% vyield (a/f = 6.2/1), respectively.

Method H. A typical Bi(OTf)s-promoted glycosylation procedure. A mixture of donor 3 (41.3
mg, 0.059 mmol), acceptor 4 (25.2 mg, 0.054 mmol), and freshly activated molecular sieves (4A,
120 mg) in CH,ClI, (0.7 mL) was stirred under argon for 1 h at rt. The reaction was cooled to -60
°C followed by the addition of Bi(OTf)3 (3.9 mg, 0.006 mmol) and the resulting mixture was
stirred for 20 min. The solids were filtered off through a pad of Celite and rinsed successively
with CH,Cl,. The combined filtrate (~40 mL) was washed with 1% ag. NaOH (2 x 10 mL) and
water (2 x 10 mL). The organic phase was separated, dried with MgSO,, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel (ethyl acetate - hexane
gradient elution) to afford disaccharide 5 in 85% yield, (a/f = /7.0, Table 6S).

Method I. A typical ShCl,-promoted glycosylation procedure. A mixture of 3,3-difluoro-3H-
indol-2-yl 2,3,4,6-tetra-O-acetyl-a-D-glucopyranoside 14 (25.8 mg, 0.051 mmol), acceptor 4
(21.8 mg, 0.046 mmol), and freshly activated molecular sieves (4A, 90 mg) in CH,Cl, (0.5 mL)
was stirred under argon for 1 h at rt. SnCl,4 (0.6 pL, 0.005 mmol) was added and the resulting
mixture was stirred for 10 min (Table 4). The solids were filtered off through a pad of Celite and
rinsed successively with CH,Cl,. The combined filtrate (~40 mL) was washed with 1% aq.
NaOH (2 x 10 mL) and water (2 x 10 mL). The organic phase was separated, dried with MgSQy,
and concentrated in vacuo. The residue was purified by column chromatography on silica gel
(ethyl acetate - hexane gradient elution) to afford disaccharide 41 in 80% yield (Table 9S).

2-Propyl 2,3,4,6-tetr a-O-benzyl-3-D-glucopyranoside (27)

EnQC
BE?D&&/D{
27
The title compound was obtained by Method A from donor 3 and isopropanol 26 as a white

amorphous solid in 77% yield (B only). Analytical data for 27 was in accordance with that
reported previously.

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetr a-O-benzyl-B-D-glucopyranosyl)-a-D-
glucopyranoside (5)

EnO
BnO 0 0

BnO Bno
OBn BnO

5 BnOOMe
The title compound was obtained by Methods A-H from donor 3 and acceptor 4%* in 54-97%
yield (a/f ranging from 6.2/1 to -only, see Tables). Analytical datafor 5 wasin accordance with
that reported previously. %

0
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Methyl 2,3,4-tri-O-benzoyl-6-0-(2,3,4,6-tetr a-O-benzyl-D-glucopyranosyl)-a-D-
glucopyranoside (29)
EnO

BnO 0 0

BnO
BzO 0
OBn BzO

29 BZOOMe
The title compound was obtained by Method A from donor 3 and methyl 2,3,4-tri-O-benzoyl-a-
D-glucopyranoside 28%” in CH,Cl, or EtCN in 89% (a/p = 1/11) or 87% yield (a/f = 1/18),
respectively. Analytical datafor 29 wasin accordance with that reported previously.”®

6-0-(2,3,4,6-T etr a-O-benzyl-B-D-glucopyranosyl)-1,2: 3,4-di-O-isopr opylidene-a-D-
galactopyranose (31)

EnQ
BnO
Bﬂ&ﬂw‘
BnO O\\Z/Za
3

Thetitle compound was obtained by Method A from donor 3 and 1,2:3,4-di-O-isopropylidene-a-
D-galactopyranose 30 in CH,Cl, or EtCN in 85% (a/f = 1/12) or 89% yield (B only),
respectively. Analytical datafor 31 wasin accordance with that reported previously.”

Methyl 2,3,6-tri-O-benzyl-4-0O-(2,3,4,6-tetr a-O-benzyl-D-glucopyr anosyl)-a-D-
glucopyranoside (33)

OBn OBn
BnO 0 o}
BnO d eno\ ::vl
Sno\??fno BnOppe
The title compound was obtained by Method A from donor 3 and methyl 2,3,6-tri-O-benzyl-a-D-
glucopyranoside 32%* in CH,Cl, or EtCN in 94% (a/f = 1/4) or 92% vyield (a/p = 1/12),
respectively. Analytical datafor 33 wasin accordance with that reported previously.”®

Methyl 2-0-(2,3,4,6-tetr a-O-benzyl-B-D-glucopyr anosyl)-3,4,6-tri-O-benzyl-a-D-
glucopyranoside (35)

Er'no/ﬁocl)i‘1 BrO ="
BnO
. BnO Megﬁ\ogn
The title compound was obtained by Method A from donor 3 and methyl 3,4,6-tri-O-benzyl-a-D-
glucopyranoside 34** in CH,Cl, or EtCN in 90% (a/p = 1/6.0) or 88% yield (a/p = 1/15),
respectively. Analytical datafor 35 wasin accordance with that reported previously.®

(3B)-Cholest-5-en-3-yl 2, 346 tetra-O-benzyl-B-D-glucopyranoside (37)

The title compound was obtained by Method A from donor 3 and (3[3)-cholest-5-en-3-ol 36 as a
white amorphous solid in 86% yield (B-only). Analytical data for 37 was in accordance with that
reported previously.*
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1-Adamantyl 2,3,4,6-tetr a-O-benzyl-D-glucopyranoside (39)

OBn
39

BnO
&W@
The title compound was obtained by Method A from donor 3 and 1-adamantol 38 as a white
amorphous solid in 88% yield (o/f = 1/23). Analytical data for 39 was in accordance with that

reported previously.*

Methyl 2-O-(3,4,6-tri-O-acetyl-2-O-benzyl-a-D-glucopyranosyl)-3,4,6-tri-O-benzyl-a-D-
glucopyranoside (40)

OAc

Acoﬁﬂ “8n0QEn

AcO

40i:§§ﬁ\ OBn

The title compound was obtained by Method A from donor a-12 or donor B-12 and acceptor 342
as a clear film in 89% or 88% yield (a only), respectively. Analytical data for 40 was in

accordance with that reported previously.*

Methyl 6-0-(2,3,4,6-tetr a-O-benzoyl-B-D-glucopyranosyl)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (41)
AcO
A0
0AcBIOT N
41 B0 e

The title compound was obtained by Method | from donor 14 and acceptor 4%* as a clear filmin
80% vield. Analytical datafor 41 were essentially the same as reported previously.*

Methyl 6-0-(2,3,4,6-tetra-O-benzoyl-B-D-glucopyranosyl)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (42)

42 BnOOMe

The title compound was obtained by Method A from donor 16 and acceptor 4%* as a clear film in
94% vield. Analytical datafor 42 were essentially the same as reported previously.?*

6-0-(2,3,4,6-T etr a-O-benzoyl-B-D-glucopyr anosyl)-1,2: 3,4-di-O-isopr opylidene-a-D-
galactopyranose (43)

EzO
Bzoﬁ
BzO o \\%/Z\
0
@™o

The title compound was obtained by Method A from donor 16 and acceptor 30 in 86% yield.
Analytica datafor 43 were essentially similar as reported previously.®
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Methyl 4-0-(2,3,4,6-tetr a-O-benzoyl-B-D-glucopyranosyl)-2,3,6-tri-O-benzyl-a-D-
glucopyranoside (44)

ﬁ 0Bn

BzO 0/&%

BzO O BnO

B20 44 BOgye

The title compound was obtained by Method A from donor 16 and acceptor 32** as a clear film
in 90% yield. Analytical datafor 44 were essentially the same as reported previously.?*

Methyl 2-O-(2,3,4,6-tetr a-O-benzoyl-B-D-glucopyranosyl)-3,4,6-tri-O-benzyl-a-D-
glucopyranoside (45)

BnOOBn
OBz
BzO 0
BzO O 7o OBn
BzOMeO
45

The title compound was obtained by Method A from donor 16 and acceptor 34?* as a clear film
in 93% yield. Analytical datafor 45 were essentially the same as reported previously.*

Methyl 6-0-(2,3,4,6-tetra-O-benzoyl-B-D-galactopyranosyl)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (46)

OBz OBz
o]

BZO&/ 0]
EzO BnO 0
BnO
B
46 no OMe

The title compound was obtained by Method A from donor 18 and acceptor 4** as a clear film in
98% yield. Analytical datafor 46 were essentially the same as reported previously.*

Methyl 4-0-(2,3,4,6-tetr a-O-benzoyl-B-D-galactopyr anosyl)-2,3,6-tri-O-benzyl-a-D-

glucopyranoside (47)
0Bz

Bzomoéoin
OBz BnQ
7

0Bz B rIOO Me

The title compound was obtained by Method A from donor 18 and acceptor 32°* as a clear film
in 98% yield. Analytical datafor 47 were essentially the same as reported previously.®

Methyl 6-0-(2,3,4,6-tetr a-O-benzoyl-a-D-mannopyranosyl)-2,3,4-tri-O-benzyl-a-D-
glucopyranoside (48)

EzO OBz

BzO— g 0:
BzO

0]

BnO 0
BnO

48 BnOgye

The title compound was obtained by Method A from donor 20 and acceptor 4** as a clear film in
93% vield. Analytical datafor 48 were essentially the same as reported previously.*
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Methyl 4-0-(2,3,4,6-tetr a-O-benzoyl-a-D-mannopyranosyl)-2,3,6-tri-O-benzyl-a-D-
glucopyranoside (49)

OBz

BzO
BZO% O:
BzO OBn
o) (0]
BnO
49 BnOOMe
The title compound was obtained by Method A from donor 20 and acceptor 32%* as aclear film

in 90% yield. Analytical datafor 49 were essentially the same as reported previously.*

A typical procedure for regener ative glycosylation

A mixture of ethyl 2,3,4,6-tetra-O-benzyl-1-thio-B-D-glucopyranoside 6** (30 mg, 0.051 mmol)
and activated molecular sieves (3 A, 90 mg) in CH,Cl, (0.5 mL) was stirred under argon for 1 h
at rt. The mixture was cooled to 0 °C, bromine (0.27 pL, 0.01 mmol) was added, and the
resulting mixture was kept for 15 min at 0 °C. After that, 3,3-difluorooxindole (0.9 mg - 8.9 mg,
0.0051-0.051 mmol, see Table 2 of the manuscript), and Ag,O (36 mg, 0.16 mmol) were added
to the reaction mixture and the resulting mixture was stirred for 10 min - 1 h at 0 °C. Methyl
2,3,4-tri-O-benzyl-a-D-glucopyranoside 4 (18.3 mg, 0.039 mmol) and BF;-OEt, (0.33 L,
0.0025 mmol) were added and the reaction was stirred for 10 min - 5 h (see Table 2 of the
manuscript). The solids were filtered off through a pad of Celite and rinsed successively with
CHCl,. The combined filtrate (~20 mL) was washed with 1% ag. NaOH (2 x 10 mL) and water
(2 x 10 mL). The organic phase was separated, dried with MgSO,, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel (ethyl acetate-hexanes gradient
elution) to afford disaccharide 5in 9-90% yield (see Table 2 of the manuscript).

Methyl 3-O-(2,3,4,6-tetr a-O-benzoyl-B-D-glucopyranosyl)-2,4,6-tri-O-benzyl-a-D-

glucopyranoside (51)
BnQ

BnO
BhO Q BnO o
BnO o
OBn BnOOMe
21

The title compound was obtained from donor 6 and acceptor 50°* as a white amorphous solid
in 62% vyield (a/B = 1/1.0). The anaytical data for 7 was essentially the same as reported
previously.?*

Methyl 2,3,4-tri-O-benzyl-6-0O-(2,3,4,6-tetr a-O-benzyl-D-galactopyranosyl)-a-D-
glucopyranoside (53)

BnO __ogn

o}
BnO
BnO “o

BnO o)
BnO

53 BnOome
The title compound was obtained from glycosyl donor 52 and acceptor 4** as a white
amorphous solid in 69% vyield (a/f = 1/1.1). Analytical data for 53 was in accordance with
that reported previously.?**
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Methyl 2,3,4-tri-O-benzyl-6-O-(2,3,4,6-tetr a-O-benzyl-D-mannopyranosyl)-a-D-
glucopyranoside (55)
BnO Dgn
Joacy
0]

BnO o]
BnO

55 BnOome
The title compound was obtained from donor 54 and acceptor 4 as a white amorphous solid
in 75% yield (a/p = 2.5/1). The title compound was reported previously.*

S-24



NMR spectra

2,3,4,6-Tetra-O-benzyl-a/B-D-glucopyranosyl trichloroacetimidate (1)

OBn
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Bno O CC|3
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|

T T T T T T T
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2,3,4,6-Tetra-O-benzyl-a/B-D-glucopyranosyl N-phenyltrifiuor oacetimidate (2)

OBn
Bn&,ﬂ \n/ 3

BnO NPh
2
AM@ 8 J 5 —
27.01 1.27 2.66 0.30 2.01 0.03 1.00 1.08 6.33 0.39 1.24 1.040.16 1.06 4.57 1.42 0.19 0.18
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Chemical Shift (ppm)

(*H NMR 500 MHz, CDCly)
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3,3-Difluoro-3H-indol-2-yl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (3)

OBn
BESOO 0
n
N

FOF

N |
|

T 2 T T T T T
7.0 6.5 6.0 5.5 5.0

(*H NMR 300 MHz, CDCl3)
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Methyl 6-0-(2,3,4,6-tetra-O-benzyl-a/B-D-glucopyr anosyl)-2,3,4-tri-O-benzyl-a-D-

glucopyranoside (5)
BnO
BnO Q
BnO 0
BnO BnoO 0
5 BnO
BnOome

|
M dihob |

S| S A1 18

(*H NMR 300 MHz, CDCly)

(**C NMR 150 MHz, CDCl3)
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3,3-Difluor o-3H-indol-2-yl 2,3,4,6-tetr a-O-benzyl-a-D-mannopyranoside (10)

BnO OBnNn
BnO 0
BnO N

L Il b
W

(*H NMR 300 MHz, CDCly)
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3,4,6-Tri-O-acetyl-2-O-benzyl-a-D-glucopyranosyl bromide (11)

OAc
AcO 0
AcO

11 BnOBr

W
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(*H NMR 300 MHz, CDCl5)
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3,3-Difluor o-3H-indol-2-yl 3,4,6-tri-O-acetyl-2-O-benzyl-3-D-glucopyranoside (3-12)
OAc

AcO Q N
o)
OBn

B-12 F F

NI B
T 1 1

(*H NMR 300 MHz, CDCly) |
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3,3-Difluor o-3H-indol-2-yl 3,4,6-tri-O-acetyl-2-O-benzyl-a-D-glucopyranoside (a-12)
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3,3-Difluor o-3H-indol-2-yl 2,3,4,6-tetr a-O-acetyl-a-D-glucopyranoside (14)
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2,3,4,6-Tetra-O-benzoyl-a-D-galactopyranosyl bromide (15)
BzO _ 0Bz

0]
BzO

15 BzO Br

o o o
AT Y

8.0 5 0 55 50 45 ppm

(*H NMR 300 MHz, CDCly)

T T T T T T T T T T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 920 85 80 75 70 65 ppm

(**C NMR 75 MHz, CDCl5)

S-43



BzO OBz

0]
BzO

15 BzO Br

_ﬁm_ ll Ajkﬁ_Jmhﬂl ppm

8 &
&
&
-55
= B & & I
é g & 60
s
Q L
- 7.0
L 75
- 80
I [ I I I
6.5 6.0 55 5.0 45 ppm

(2D NMR 300 MHz, CDCls)

S-44



3,3-Difluor o-3H-indol-2-yl 2,3,4,6-tetr a-O-benzoyl-a-D-glucopyranoside (16)
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3,3-Difluor o-3H-indol-2-yl 2,3,4,6-tetr a-O-benzoyl-B-D-galactopyranoside (18)
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3,3-Difluor o-3H-indol-2-yl 2,3,4,6-tetr a-O-benzoyl-a-D-mannopyranoside (20)

BzO OBz
BzO 0
BzO N

FOF

(*H NMR 300 MHz, CDCly)

T T T T T T T T T T T T T T T T T T T T T
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(**C NMR 75 MHz, CDCl5)
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3,4,6-Tri-O-acetyl-2-azido-2-deoxy-a-D-glucopyranosyl bromide (21)

OAc
AcO 0O
AcO
21 Nspr

| b o N
| !

TI T 1T T T T
6.5 6.0 55 5.0 45 4.0 35 3.0 25 ppm

-
e TN Te)

(*H NMR 300 MHz, CDCl5)

10 BV 10 W 13» 1 1 10 D a0 0 a0 54 40 D 805

(**C NMR 75 MHz, CDCl5)
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3,3-Difluor o-3H-indol-2-yl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-[B-D-glucopyranoside (22)

QAC N
AcO o]
ACO&/ O@

2 M FF

i L

2 1 1
= T T T - T T T - - T T T T
75 7.0 6.5 6.0 55 5.0 45 4. 35 30 25
1
(*H NMR 300 MHz, CDCl3)
T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

ppm

(**C NMR 75 MHz, CDCl5)
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2,3,4,6-Tetra-O-benzoyl-a-D-glucopyranosyl N-phenyltrifluor oacetimidate (24)

OBz
BzO 0
BzO
BzO

CF
24 9 9
NPh
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| A 4

8.0

(*H NMR 500 MHz, CDCls)
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(*C NMR 125 MHz, CDCly)
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| sopropyl 2,3,4,6-tetr a-O-benzyl-B-D-glucopyr anoside (27)

BnO
BnO 0
BnO O
27 OBn

i i
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T T T T T T
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(*H NMR 300 MHz, CDCl3)

T T T T T T T T T T T T
135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 ppm

(**C NMR 75 MHz, CDCl5)

S-57



BnO
BnO 0
Bn&/o%

27 OBn

N&hhl L A_Jk ppIr

-z=j * @'dfglﬁ

=20

- 25

- 3.0

o yif _
- |
- 5.0
- 55
- 6.0

- 65

- 7.0

R D D D D
7 65 60 55 50 45 40 35 30 25 20 15 ppm

(2D NMR 300 MHz, CDCl3)

S-58



Methyl 6-0-(2,3,4,6-tetra-O-benzyl-a/B-D-glucopyranosyl)-2,3,4-tri-O-benzoyl-a-D-
glucopyranoside (29)

BnO
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BnO O
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6-0-(2,3,4,6-Tetra-O-benzyl-a/B-D-glucopyranosyl)-1,2: 3,4-di-O-isopr opylidene-a-D-
galactopyranose (31)
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Methyl 4-0-(2,3,4,6-tetr a-O-benzyl-a/B-D-glucopyranosyl)-2,3,6-tri-O-benzyl-a-D-
glucopyranoside (33)

OBn OBn
BnO 0 O
BnO O BnO
B
nO 33 BnOOMe
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Iy il

T © T T T T
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Methyl 2-0-(2,3,4,6-tetra-O-benzyl-a/B-D-glucopyr anosyl)-3,4,6-tr i-O-benzyl-a-D-
glucopyranoside (35)
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BnO o076 OBn
BnO MeO
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(3B)-Cholest-5-en-3-yl 2,3,4,6-tetr a-O-benzyl-B-D-glucopyranoside (37)

WJrL LJWLHJ“‘(M WL

(*H NMR 300 MHz, CDCl5)
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1-Adamantyl 2,3,4,6-tetr a-O-benzyl-a/B-D-glucopyranoside (39)
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Methyl 2-0-(3,4,6-tri-O-acetyl-2-O-benzyl-a-D-glucopyr anosyl)-3,4,6-tri-O-benzyl-a-D-
glucopyranoside (40)
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BnO OBn

40 O
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